Objective The objective of this study was to assess, with knee radiography, joint space narrowing (JSN) and its relationship to meniscal tears, anterior cruciate ligament (ACL) ruptures, articular cartilage erosion, and duration of pain in patients with knee osteoarthritis.
Radiography is a commonly accessible tool for assessing knee osteoarthritis, especially in the end stage of the disease.
Joint space narrowing (JSN) on radiography is generally attributed to loss of articular cartilage in the osteoarthritic knee. A number of studies have discussed the potential risk factors for osteoarthritic changes of the knee and their relationship to JSN. Osteoarthritic knee occurs frequently 10 to 20 years after the diagnosis of a tear in the anterior cruciate ligament (ACL) or meniscus [1] . In older people, meniscal tears are commonly observed in a load-transmitting compartment with knee osteoarthritis [2] [3] [4] [5] [6] [7] . Meniscal subluxation and degeneration have each contributed to the prediction of JSN on radiography [8] . Meniscal tears, therefore, could be hypothesized as contributing to a proportional change in JSN in end-stage osteoarthritis of the knee.
A study of patients with knee pain but no radiographic findings of knee osteoarthritis showed that most had significant articular cartilage degeneration at arthroscopy [9] . In another study, there was also no association of articular cartilage loss and radiographic JSN in patients with progressive osteoarthritic knee [10] . However, progression of knee osteoarthritis may exacerbate the severity of knee pain, leading to subsequent TKR [11, 12] . Duration of knee pain, therefore, could be related to JSN seen on radiography.
Additional variables associated with individual patients, such as age, sex, and obesity, can add to the variation in the outcome of osteoarthritic knee [1] . A better understanding of these variables may improve future prevention and treatment strategies.
Few studies have reported a relationship of JSN on radiography to contributing factors in patients with endstage osteoarthritis of the knee [13, 14] . In this study, we attempted to evaluate the relationships of radiographic JSN with meniscal tears, ACL ruptures, cartilage erosion, and duration of knee pain in patients with unicompartmental knee osteoarthritis of the medial tibiofemoral joint before TKR.
Materials and methods
The study was approved by our institutional review board. Informed consent was waived because this retrospective study was limited to the analysis of patients' records.
Selection of patients
Between January 2001 and August 2005, 193 consecutive patients were identified from a computer search of patients who had knee osteoarthritis and underwent primary TKR in one institution. There were 156 women (mean age± standard deviation, 69.0±7.8 years) and 37 men (72.4± 6.9 years). The medical records and preoperative knee radiographs of each patient were reviewed retrospectively.
The medial and lateral tibiofemoral joints of the knee of each patient were evaluated separately for the absence or presence of JSN and osteophytes. Inclusion criteria for patient selection were unicompartmental medial tibiofemoral JSN (grade 1 or greater) and a normal lateral compartment (JSN grade 0 2 ). All medical records were reviewed for the demographic characteristics of patients. The items included age on the day of hospitalization before TKR, sex, height and weight, and duration of knee pain. All primary TKRs were performed by one of five experienced orthopedic surgeons, and 94.3% of TKRs were performed by one surgeon (W.P.H.).
X-ray films for interpretation were taken an average of 35 days (range, 1-298 days; 96.4% less than 4 months) before the TKR. All patients had standing anteriorposterior radiographs (Shimadzu, MU125 M, Japan) on two legs with both knees fully extended. The focus-film distance was 110 cm. Approximately half of the patients also received skyline patellofemoral radiographs. The images obtained before 2003 were displayed by hard copy films; the later 70 images were displayed by using a picture archiving and communication system (PACS) viewer with a 2,560×2,048 pixel monitor (Barco, MGD 521 MK II, Belgium).
Two radiologists (W.P.C. and G.S.H), each with 15 years' experience in musculoskeletal system imaging, interpreted all radiographs together without awareness of the clinical data of the subjects, and a consensus of interpretation was reached. The observers evaluated the severity and distribution of the JSN and osteophytes in the osteoarthritic knee using a semiquantitative grading system (score, 0 to 3). The severity of JSN was graded as 0=normal, 1=mild or 1-33% narrowing of the joint space, 2=moderate or 34-66% narrowing of the joint space, and 3=severe or 67-100% narrowing of the joint space [15] . Osteophytes were graded as 0=absent, 1=small beaklike, 2=intermediate size, and 3=proliferating or mushroom-like osteophyte [16] . Although osteophytes are an important sign of early osteoathritic knee [17] , the dependent variable in our study was radiographic JSN. Therefore, only JSN was used in the analysis.
Before interpretation of all radiographs in this study, the two observers met to assess test-retest reliability of grading JSN on a separate sample of 30 films of osteoarthritic knees, which showed 100% agreement with quantitative measurement of the joint space on the PACS.
The menisci were classified by absence or presence of tears based on visual inspection, as documented on the surgical reports. The ACL was evaluated as intact, partially torn (insufficient or attenuated fibers), or completely torn (complete rupture), as described on the surgical records. Data for partial and complete ruptures of the ACL were combined for risk-factor analysis.
Owing to incomplete data on cartilage erosion from arthroscopy, we used pathology findings for assessing cartilage erosion. One of the two pathologists read the reports on the histologic specimens of each knee obtained from TKR as noted on the medical records. Articular cartilage erosion of the tibial plateau or femoral condyles was recorded as grade 1=superficial or mild erosion, grade 2=moderate erosion, and grade 3=severe erosion. The highest grades shown were used to represent the severity of articular cartilage erosion.
The duration of knee pain was obtained from the medical records of the outpatient clinics where the X-rays films were ordered. The admission records for TKR had the weight and height of the patients. The BMI was calculated as weight (kg) divided by height squared (m 2 ). Data for the BMI index calculation were unavailable for two patients, data on the duration of knee pain was not clearly recorded for 36 patients, and data on the erosion of the articular cartilage of the tibiofemoral compartment was not available for six subjects. There was no unreported ACL status on surgical reports.
Statistical analysis
Because one knee per subject was studied on radiography, analyses in this study were knee-and subject-specific. Student's t test was used to assess the continuous variables. Differences between proportions were assessed by chi-square or Fisher's exact test. All tests were two-sided, and P values less than or equal to 0.05 were considered significant.
The risk factors were evaluated by polytomous logistic regression. The JSN grade was a dependent variable; independent variables were age, sex, BMI, presence of a torn meniscus or ACL, and erosion of the articular cartilage. Odds ratio (OR) was estimated with a 95% confidence interval (CI). Statistical analysis was performed using the SAS/STAT V8.2 system (SAS Institute, Cary, NC, USA) and Stata 8.0 software.
Results
Among 193 patients who had a diagnosis of osteoarthritis of the knee and underwent primary TKR, 140 (72.5%) patients had unicompartmental medial tibiofemoral osteoarthritis (Fig. 1) , 70 of the right knee and 70 of the left.
Women presented with indications for a TKR at a younger age than men (mean, 69.4 vs 72.6 years; Table 1 ). Women had a higher BMI than men, but the difference was not significant. The duration of knee pain was similar for both sexes. There were 123 (87.9%) meniscal tears, 58 (41.4%) partial (insufficient or attenuated ACL fibers) and 10 (7.1%) complete ACL ruptures, and 115 out of 134 (85.8%) patients with moderate to severe cartilage erosion of the tibiofemoral joints. The unicompartmental medial tibiofemoral osteoarthritis was categorized as JSN grade 1 in 10.0% (14) , grade 2 in 45.7% (64), and grade 3 in 44.3% (62).
Ignoring all other factor effects, we noted that the presence of meniscal tears was correlated with a higher grade of JSN (OR 6.00, 95% CI 1.29-27.96 for grade 2 vs grade 1; Table 2 
Discussion
The prevalence of meniscal tears is high in older people with osteoarthritis of the knee. Bhattacharyya et al. [2] reported that a medial meniscal tear was detected in 86% of patients with symptomatic osteoarthritis of the knee, similar to our findings (88%). In unicompartmental medial tibiofemoral osteoarthritis, the presence of medial meniscal tears resulted in a sixfold risk of grade 2 versus grade 1 JSN, compared with the 2.36-fold risk of grade 3 vs grade 1 JSN. Ding et al. [18] reported that meniscal tear was associated with cartilage defect and with the prevalence of radiographic osteoarthritic knee in a nonosteoarthritic adult population, suggesting that meniscal tear appeared to be an early event in the disease process and may be a risk factor for knee cartilage damage and articular structural changes. It is an interesting finding that torn menisci do not lead to a close association with severe JSN, as seen in our study.
The unremarkable outcome of meniscal tears relating to higher JSN grade in our study can reasonably be explained by meniscal extrusion in advanced stages of osteoarthritic knee. Meniscal extrusion is a common finding in patients with osteoarthritis of the knee, and increasing meniscal extrusion was correlated with the severity of JSN [8, 19, 20] . Gale et al. [19] reported that, in the symptomatic osteoarthritic knee, mean medial meniscal extrusion was 5.1 mm, which was higher than that of the asymptomatic subjects (2.8 mm). Hunter et al. [8] concluded that both meniscal position and degeneration accounted for a substantial proportion of the variance explained in radiographic JSN, and a change in meniscal position accounted for a substantial proportion of change in JSN. The macroscopic and histologic findings indicated that the medial meniscus can be preserved well in severe osteoarthritis even if the joint space has already disappeared [20] . If meniscal extrusion precedes JSN, the displaced meniscus may be saved from severe degeneration [21] . However, Boegård et al. [17] reported a high prevalence of MRIdetected cartilage defects in the tibiofemoral joint with the presence of marginal osteophytes in the same joint, no matter whether JSN was present or not.
A previous report indicated that 23% of symptomatic subjects with knee osteoarthritis had complete ACL ruptures [6] . Ruptures of the ACL can change tibiofemoral kinematics, which can affect the lateral tibia, resulting in no association between the joint space width of the medial compartment and ACL ruptures of an injured knee [22, 23] . This may, in part, explain the lack of correlation between ACL ruptures and the severity of medial JSN in our study. The severity of cartilage erosion and JSN grade were not correlated in our study. Previous reports have stated that changes in the articular cartilage in the medial tibiofemoral compartment were less marked, even where there was a linear correlation between mean cartilage volume and radiographic JSN [24, 25] . Kijowski et al. [9] reported that 55% of patients with articular cartilage degeneration within the tibiofemoral joint diagnosed at arthroscopy had no radiographic evidence of osteoarthritis according to the Ahlback grading scale [26] . It is well known that the Ahlback grading scale is based exclusively on the severity of JSN on radiography in the diagnosis of tibiofemoral knee osteoarthritis. Radiographic JSN is not a reliable tool for assessing cartilage status in patients with early osteoarthritis or in chronic knee pain [21, 27] . Results of our study also suggested that joint space status may not be an appropriate predictor of tibiofemoral cartilage erosion in end-stage osteoarthritic knee.
Severity of joint pain can be used to predict subsequent JSN or as an indicator for operation [11, 28] . A painful knee and limitation of movement are the main indications for TKR surgery. Previous reports have shown that patients who had osteoarthritis of the knee with meniscal tears or ACL ruptures had not experienced more painful knees, and meniscal tears may not affect the functional status of the knee [6, 19] . Results of our study indicated that a longer duration of knee pain also could increase the risk of a higher JSN grade. This relationship has not been statistically analyzed before.
Our data showed no relationship between age and JSN grade. Because the study design was based on patients having TKR, the mean age of our subjects was 70 years, so they were older than in other cross-sectional studies [29] . Previous data have shown that age accounts for a significant linear decrease in both lateral and medial femoral cartilage thickness [30] . However, age may not affect the progression of osteoarthritic knee among the elderly [31] . Our population was older and the knee condition may have come to an unchanging end-stage.
Women presented with indications for a TKR at a younger age than men, but the proportions of the JSN grades were not different between the sexes. Therefore, we cannot say whether women or men would develop a higher JSN grade. We may consider that the disease would progress to a similar status for the two sexes at the endstage of osteoarthritis of the medial tibiofemoral joints.
There was a trend but no statistical relationship between BMI and JSN grade in our data. Previous research has indicated that BMI can predict JSN when JSN is equal to zero at onset but not in those with more severe disease [32] . The effect of BMI is limited to knees in which moderate malalignment exists, especially in the severity of medial tibiofemoral osteoarthritis [33, 34] . The focus of the malalignment of the joint and the excess load from increased weight should be taken into account.
Our data showed that almost three quarters of the patients with knee osteoarthritis who underwent primary TKR had unicompartmental medial tibiofemoral JSN. Younger patients, aged less than 60 years, had a lower proportion (59%) of medial tibiofemoral osteoarthritis. The natural aging process could explain this phenomenon, and BMI is not necessarily a factor. That the severity of knee osteoarthritis is less marked in the patellofemoral and lateral tibiofemoral compartment has been well documented [13] . Our results similarly showed that the lateral tibiofemoral compartment was relatively rarely involved in osteoarthritis of the knee.
There were several limitations to our study. It was a cross-sectional and hospital-based investigation, so longitudinal and population inferences are limited. The radiographic technique could be suboptimal for imaging the tibiofemoral joint space, reducing the sensitivity in detecting JSN [35] . Future investigations should include examination of the knee in semiflexion with fluoroscopic guidance for optimal visualization of the joint space [36] . Semiquantitative assessment with radiography may not be ideal for JSN analysis, but the potential bias was minimized by test-retest reliability analysis by the two observers before this study began. In this retrospective study, determination of the duration of knee pain was not precise, and also the time when patients presented with pain was not necessarily the start of osteoarthritis.
In conclusion, a higher grade of JSN is associated with a higher frequency of meniscal tears and long duration of knee pain in patients with knee osteoarthritis.
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